Chemical, Physical and Biological Factors in the Toxic Effects of Leachable Plastic Additives by Alam, Mohammad Shamshad
Chemical, Physical & Biological 
Factors in the Toxic Effects of 
Leachable Plastic Additives 
THESIS SUBMITTED 
TO THE 
ALIGARH MUSLIM UNIVERSITY, ALIGARH 
FOR THE DEGREE OF MASTER OF PHILOSOPHY 
IN CHEMISTRY 
BY 
Mohammad Shamshad Alam 
M. Sc. (Alig.) 
PLASTIC AND POLYMER TOXICITY LAB 
INDUSTRIAL TOXICOLOGY RESEARCH CENTRE 
LUCKNOW (INDIA) 
February, 1986 
*-ZA, 
"4,4T 
^S^ L^ C- J; J'/' 
i>, , < f » ' i - ' 
Uv Cot^^' ,Tl.l«* 
DS946 
:HECK£D-20Q2 
JDec /^cat(Sc^ t o 
Mnd Hearteci 
bNt,oiffectm, 
devotioTi met 
l^atknct made 
^ etfovU 6UcceecL 
INIXUSTRIAL TOXICOLOGY RESEARCH CENTRE, LUCKNOW 
( C o u n c i l o f S c J e n t i f i c & I n d u s t r i a l R e s e a r c h ) 
T e l . : 4 7 5 8 6 
48228 
Grarf riNTOXI, Lucknow 
VR P.K. SETH 
kAi>t.dVlZC-tOA 
Mahatma Gandhi Marg 
Post Box 80, 
Lucknow-226 001 
India 
C E 'R T I I C A T E 
Thl-i, i^ to dzxtiiij that th(L woAk In thi^ tkt^L-i 
zvitltlzd "Cktmical, phij^laal and biological iactox-i, 
in thz toxic e(^i^ect4 o(5 liachablc plastic additivz^b" 
ha^ b een caAXicd out by MR MOHAMMAP SHAMSHAP ALAM, 
andZA. mtl -iava^'ivi-iion . 
He ha^ {,uliillQ,d all thz Kzqu.iKQ.mznt^ ioK tko, 
d e g r e e oi MASTER OF VHllOSOVHV in Chzmi^tKy oi AligaAh 
Mu-i,lim UnivzA^ity, kligafik, AdgaAding tko- natuAZ and 
pdAiod o{\ investigational MOAk. 
Thd. MOAk incladud in this thesis has not been sub-
mitted ioA any ot.heA degAee and unless otheAvoise stated, 
is all oAiginal. 
P.K.^SETH 
ACKNOWHinGr :Mr :NT 
1 take the opportunity to pay my gra t i tu te to Dr. P.K. Seth, 
Assistant Di rector , ITRC, Lucknow for his inestimable guidance, aesthetic 
suggestions and f ru i t f u l discussions. 
I fa i l to gather words to express my indebtness to Dr. Satya 
P. Srivastava, Scientist ' C , ITRC, Lucknow for his unt i r ing help and 
supervision, healthy cr i t i c ism and valuable suggestions in bringing up 
the thesis to the present shape. 
I am thankful to Dr. Hasan Ar i f , Associate Professor, Depart-
ment of Chemistry, Al igarh Muslim Universi ty, A l igarh, who as my teacher 
and supervisor has always been happy to render any help that I required. 
Thanks are due to Dr. P. K. Ray, Di rector , ITRC, Lucknow for 
providing laboratory fac i l i t ies . 
I also pay my sincere gra t i tu te to Dr. 3. R. K idwai , Assistant 
Di rector , C.D.R.I . , Lucknow for his valuable suggestions, f r u i t f u l discussions 
and encouragements. 
A glore of thanks to Dr. (Mrs.) Raushan l lusain for her invaluable 
suggestions and af fect ionate behaviour. 
I also express my sense of indebtness to Dr. A. K. Agarwal and 
Dr. Ishrat Husain for their sustained interest, valuable advice and constant 
perusal. 
I would l ike to place on records my sincere thanks to 
Dr. Rishi Shanker, Dr. V. K. Awasthi , Dr. S.P. Srivastava, Dr. W.A. Khan, 
M/S. Devendra, Shukla, Vinay, Vipin, Nikhat, Sadhna, Rashmi, 3yot i , 
Kaiichaii and Kuvi lu and all collciigues and friend of ITRC for their 
support and cooperations. 
Co-operations of Mr. C. S. Ojha, Mr. Kailash Chandra, 
Mr. Kanhya La i , Mr. Shiv Raj and Mr. Parmanand is grateful ly acknowledged. 
[2] 
Excellent typing of Mr. Umesh Prasad and Photograpl of 
Mr. Mehdi are highly acknowledged. 
The generous and financial assistance of ncpar tment of En^. on-
ment, New Delhi is also grateful acknowledged. 
I will be failing in my duty if I fail to record my sincere 
thanks to Parwaiz, Fazal, Tariq, Haroon, Sikandar, Mashkoor, Imtiaz, 
Munawar, Akram, Ashraf, Aslam, Ahmed, Zaman, Jha, Shahid, Khateeb, 
Farooq and Haider for their encouragements and help. 
My efforts will remain incomplete if 1 do not expres' my 
grat i tute and indebtness to my parents who have shown me the ght 
of this world and without their ronstunt blessings, patience it \ ^uld 
not have been possible for mc to persue the present line of investiga' ons. 
I have been most fortunate to thank dear Naushad, Zaiuad, Husn; and 
Wall for their love and affection. 
Words fail to come by which I can express my apprec ion 
to my wife Raushan Shahnaz, whose love, affection and encourage, .nts 
made my efforts succeed. 
f^^ 
MOHAMMAD SHAMSHAD ALAM 
M.Sc.(Alig) 
ABBREVIATIONS 
A PL 
B.P.F. 
C.A.R. 
C.N.S. 
C.P.M. 
C.P.V.C. 
C. 5. 
D.B.T.L. 
D.A. 
D.E.H.P. 
G.M. 
G.R. 
gm. 
S-H.T. 
I.S.I. 
I.T.I. 
L i t . 
M.E.H.P. 
min. 
mg. 
N.A.P.L. 
N.E. 
ppm. 
P.V.C. 
P.L. 
S.E. 
T.M.T. 
T.E.T. 
U.S. 
U.V. '\ 
V.C. 
> 
-
-
-
-
-
_ ( 
-
-
-
-
-
-
-
-
-
-
-
-
-
Above than the permissible l im i t . 
Br i t ish Plastic Federation 
Conditioned Avoidance Response. 
Central Nervous System. 
CouiUs i)er minutes. 
Chlorinated polyvinyl chloride. 
Conditioned Stimulus. 
Dibuty l t in Di lauratc. 
Dopamine. 
Di-2-Ethylhexyl Phthalate. 
Global Migrat ion. 
Global Residue 
gram. 
S-Hydroxy t ryp tamine. 
Indian Standard Inst i tu t ion. 
In tcr t r ia l Interval . 
L i t re 
Mono(2-ethylhexyl)phthalate. 
minute. 
mi l ig ram. 
None above than the permissible l im i t 
-
-
-
-
-
-
Norepinephrine. 
parts per mi l l ion . 
Polyvinyl chlor ide. 
Permissible L i m i t . 
Standard Error 
Tr imethy l t in 
Tr ie thy l t in 
-
-
-
-
~ 
unconditioned stimulus. 
U l t rav io le t . 
Vinyl Chlor ide. 
microgram 
more 
less 
C O N T E N T S 
CHAPTER I I - M a t e r i a l s and M e t h o d s 
RESULTS AND DISCTJSSION 
CHJ^TER I I I - M i a r a t i o n a l b e h a v i o r o f 
p l a s t i c a d d i t i v e s 
Pagers 
1 - 3> PREFACE » 
CHAPTER I - R o v i e v o f L i t e r a t u r e - ^ - 2 . 3 
1 . 1 I n t r o d u c t i o n ^- 7 
1.2 T\/Toes o-^ c h e - n i c a l a d d i - . . . . „ . . . . ? - " 
t i v e s 
(I - ' 3 
1 .3 H e a l t h h a z a r d s i n p l a s t i c 
i n d i i s t r ^ ' ' 
1.4 B i o c h e m i c a l a p p l i c a t i o n s . . . . . . . , , \h'ir 
and t o x i c m a n i f e s t a t i o n s 
g 
1.5 O r q a n o t i n c o m p o u n d s . . . , . , . . . if -' 
1.6 C h e m i c a l and P h y s i c a l , , , , i S - i s 
P r o p e r t i e s o f DBTL 
/C( - i 7 1.7 T o x i c i t y o f o r g a n o t i n . . . 
compounds 
q 
1.8 Significance of the study... ...... 
c o n d u c t e d 
.c, - i ? 
^ ^ 
a -43 
CHAPTER IV - E f f e c t o f DBTL on P h y s i - . . . 4-c» - ?o 
c a l a p p e a r a n c e o f c o n t r o l s 
and t r e a t e d a n i m a l s 
CHAPTER V - E f f e c t o f DBTL on l e a r n - * ^ ' 
i n g a b i l i t y 
CHAPTER VI .- E f f e c t o f DBTL on l o c o m o - 52-' ' ' i 
t o r a c t i v i t y 
CHAPTER V I I - E f f e c t o f DBTL on B i o - S ^ • ^  i> 
g e n i e a m i n e s 
BIBLIOGRAPHY ^ ? - tfe 
PREFACE 
The rapid i n d u s t r i a l i z a t i o n of the petrochemical indus t r i es 
have led to the widespread use of p l a s t i c s in our day today 
l i f e . I t would not be an exaggeration to say tha t / we are 
l iv ing in " p l a s t i c era"* The p l a s t i c mater ia l s find va r i e ty 
of uses ranging from house hold items/ baby products/ focd 
packaging ma te r i a l s , biomedical devices , construct ion material '^, 
t r anspor t appl icat ions t o miscellaneous mouldings and furni tures . 
The annual production of p l a s t i c s in India during 1934-8 5 
has been estimated t o aloout 19,000,000 tonnes . As compared 
t o other i n d u s t r i a l chemicals and ma te r i a l s , p l a s t i c s are 
comparatively nev; and not much i s known about t h e i r toxi GO logical 
e f f e c t s . The finished plr-s t ic i s an organic compound with 
a large number o*^  a d d i t i v e s , Kence, a p l a s t i c w i l l general ly 
have in addi t ion to the polymer, one or more supplementary 
agents^ co l l ec t ive ly referred t o as a d d i t i v e s . Leaching of 
sane of these addi t ives as unreacted monomers such as v inv l 
2 
chlor ide , a c r y l o n i t r i l e , s tyrene , vinyliclene cMoriJle^ organotin 
s t a b i l i z e r s ; p l a s t i c i z e r s l ike ' -hthalic acid e s t e r s e t c ; a n t i -
oxidants l ike butylated hydroxy toluene, e t c ; and some meta l l ic 
S a l t s , have been reported in the stored ccmmodit^/, These 
leacii^ible components of p l a s t i c s have aroused, wide concern 
regarding t h e i r heal th hazards as some of them are found to 
be t o x i c . 
The workers involved in the production and manufacture 
of p l a s t i c s have been reported to suffer deseases like 
terminal cancer, lii?-er malignancies, bra in and cen t r a l nervous 
system tumours, P.aynauds phenonenon, ac roos teo lys i s , s c l e r o -
derrp.a, hepato and splenomegaly and severa l por t a l hypertension 
and so raan^' other deseases . 
The users of the pl'-^stics also come in contact with the 
various p l a s t i c addi t ives d i r ec t l y or i nd i roc t ly depending 
upon the end use of the p l a s t i c . The l eachab i l i ty of the 
chemicals can be modified due to the physical and chemical 
iractors. In depth information on t h i s aspect i s not ava i l ab le . 
The physica l conditions of our country i s d i f fe ren t than 
those of other country. The mate r ia i stored in p l a s t i c in 
our country in most cases has to stand high temperatv^re and 
s u n l i g h t . These factor could modify the leaching o" the 
p l a s t i c addi t ives v r^hich may render the p l a s t i c mater ia l 
harnvful. 
3 
In vievvT o£ the abovo, attempts have been mBd.3 in depth 
in t h i s st^-jdy t o assess the effect of r^ ome physical ana chemical 
factors on the l eachab i l i t y of p l c s t i c add i t i ve s . In order 
to assess the neurotoxic charach.'r of d ibu ty l t i n d i l a u r a t e , 
a le=^cha'''le s t a b i l i z e r , i t s effect on the biogenic amin€;s, 
locomotor a c t i v i t y , and learning a b i l i t y h-vc also been por-
cormed, 
REVIEW OF LITERATURE 
4 
P l a s t i c s are organic polymers, constructed by chain l ike 
attachment of ind iv idua l bui lding blocks ca l led monomers. They 
aire defined in the Modem P l a s t i c s Encyclopedia (1962) as a 
"large and varied group of mater ia ls which cons is t of or contain 
as an e s s e n t i a l ingrediont/ a substance of high molecular 
weight v«rhich while sol id in the finished s t a t e , a t some s t a t e 
in i t s manufacture i s sof t enough t o be formed in to various 
S'-apes, usually throuqh the appl ica t ion , e i t h e r s inc ly or 
together , of hoat and pressure"* 
P l a s t i c s were f i r s t introduced by Braconnot (Prance, 
1833) and Schoenbein (Germany, 1845) with the discovery cf 
ce l lu lose n i t r a t e or c e l l u l o i d . However, John Hyatt (U.S.A.) 
was credi ted as being the f i r s t to work v/ith ce l lu lose n i t r a t e 
as a p l a s t i c mass r a the r than in s o l u t i o n . In l a t e r years , 
commercial use of p l a s t i c s led to the development of a va.riety 
of p l a s t i c resins with desired p roper t i e s l ike bake l i to 
5 
( o h c n o l forma Iclohy.io c o n d o n s p t i o n pror '^uc t ) , c c l l i i l o n o n c o t a t c 
and GGllulosG c-?Gatatebi?tyratc, u r o a - f o r m a l d o h y d o r o s i n s , n o l y 
•^/inyl o s t ' - r s , o o l y s t y r e n c ^ polyaml'rios ^ n y l o n ) , me l a m i n o - f o r r n a l -
dGhv^e r e s i n s , p o l y t c t r a f l u r o G t h \ Icne ( t e f l o n ) , po lyopo^r ides 
a nd p o ly u r e t la a no s o t c . 
P l a s t i c s a r e p r e s e n t l y t h e most coTimonly used raw m a t e r i a l s 
i n i n d u s t r y , a g r i c u l t u r e , b u i l d i n g s , e q u i p m e n t s , h o u s e h o l d 
i t e m s and b i o m e d i c a l d e v i c e s . They a r e p r e f e r r e d t o o t h e r 
raw m a t e r i a l s due t o t h e i r l i g h t w e i g h t , r u s t and mould r e s i s -
t a n c e , t h e r m o s t a b i l i t y and a wide r a n g e of c o l o u r a c c e p t a n c e . 
I n f a c t , t h e p l a s t i c s have r e p l a c e d t h e c o n v e n t i o n a l raw m a t e r i a l s 
l i k e wood, s t e e l and g l a s s e t c . 
The wor ld p r c d u c t i o n o f p l a s t i c has shown a phenomenal 
i n c r e a s e . The t o t a l c u r r e n t wor ld n r o d u c t i o n i s of t h e o r d e r 
o f SO m i l l i o n t o n s . I f t h e g rowth of p l a s t i c i n d u s t r y c o n t i n u e s 
w i t h o u t r e s t r a i n t , t h e t o t a l p r o d u c t i o n c o u l d r e a c h 425 m i l l i o n 
t o n s i n t h e y e a r 2000 (Vouk, 1 9 7 S ) . 
The I n d i a n P l a s t i c I n d u s t r y , s t a r t e d a b o u t t w e n t y y o a r s 
a q o , b a s e x h i b i t e d a much f a s t e r r a t 3 o f grov/th t h a n many o t h e r 
p r o d i s c t s . The o v e r a l l compounded r a t e of g rowth o f p l a s t i c 
i n t h e s i x t i e s v/as a b o u t 28,7% w h i l e f o r a l l o t h e r i n d u s t r i e s 
p u t t o g e t h e r , i t i s on ly 6 , 3 % . The g rowth o f p l a s t i c i n 
t h i s d e c a d e has r e s u l t e d i n g a i n f u l l employment f o r o v e r 0 ,35 
m i l l i o n w o r k e r s i n a b o u t 5 , 5 0 0 p r o c e s s i n g u n i t s and a b o u t 3 ,500 
G 
small scale opera tors . Tho c a p i t a l inves te1 in these small 
scale un i t s Is abovit Rs,3/050/- m i l l i o n s . With more polymer 
raw mater ia l s ava i lab le in about ten ^ca r s , further investment 
o Rs,2,500 mil l ions w i l l be made. Table 1 ,1 . shows the 
ostimatod consumption in 1977 and proiected cTemand upto 1987-98 
of various p l a s t i c s (Srinivasan, 1979'). The Figure 1.0 sha^s 
the amount of p l a s t i c s produced in metric tons during t'ne 
years 1967-1984. 
In 1977/ more than 60% of the t o t a l p l a s t i c s was produced 
v/orld wide by th ree countr ies namely the United S ta t e s , West 
Germany and Japan. Present ly in India more than 200 rout ine 
a r t i c l e s arc being produced for use in homes, h o s p i t a l s , agricul-
tu re f i e l d s , industry'', defence and t r anspor t (Gupta, 1978), 
Tlie use of p l a s t i c mater ia ls are v;id<;spread with many medical 
and paramedical app l i ca t ions , including hear t v laves , vascular 
graf t ing mate r i a l s , i n t r a u t e r i n e devices , c a t h e t e r s , dialyzinn 
un i t s , blood transfusion s e t s and disposable syr inges . 
For a l l commercial purposes, commercial p l a s t i c s w i l l 
have in addit ion to the polym'' r , one or more supplementary'-
agents, co l l ec t ive ly referred to as additi iges. Those addit ives 
may include chemicals t o act as p l a s t i c i z e r s , s t a b i l i z e r s , 
f i l l e r s , colorants^ a n t i s t a t i c agents , flame r e t a rdan t s , blowing 
agents , i n i t i a t o r s , l ub r i can t s , flow con t ro l agents, curing 
and rTsinforcing agents, so lvents , op t i ca l br ightners and other 
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i n g r e d i e n t s added t o impar t t h e des i r ed p r o p e r t i e s t o the f i n a l 
i t e m . There arc n e a r l y 2500 i n d i v i d u a l chemicals or mix tures 
t h a t a re u t i l i z e d i n t h e above 14 major c l a s s e s of a d d i t i v e s 
(Lawrence F ishbe ing , 1984J), 
D i f f e r e n t t ypes of a d d i t i v e s used i n t h e p l a s t i c s a re 
de sc r ibed belov'?: 
?LASTIGI33_RS 
P l a s t i c i z e r s a r e added t o impact t h e f l e x i b i l i t y , s o f t n e s s 
and p r o c e s s i b i l i t y . These are mainly used i n the t h e r m o p l a s t i c 
r e s i n s , P l a s t i c i z e r s f r equen t ly c o n s t i t u t e more than 50% 
by weight of the f i n i s h e d prioduct (DuBois and John, 1981; 
Sears and Touchet te , 19Q2) . Near about 450 p l a s t i c i z e r s 
are conmerc i a l ly a v a i l a b l e . The commonly used p l a s t i c i z e r s 
a re d i ( 2 - e t h y l h e x y l ) p h t h a l a t e (DEHP) , d i - o c t y l p h t h a l a t e (DOP), 
e s t e r s of a d i p i c ac id and c i t r i c a c i d . 
Heat S t a b i l i z e r s 
Heat s t a b i l i z e r s a re used t o p reven t deg rada t i on of 
p l a s t i c s by r e a c t i n g wi th a tmospher ic oxygen. Thermal d e g r a -
d a t i o n t a k e s p l ace when t h e p l a s t i c s a re exposed t o h i g h e r 
t empera tu re s and prolonged h e a t i r g . The major chemica l c l a s s e s 
of s t a b i l i z e r s inc lude ( l ) o rgano t in s ( e . g , d i - N - o c t y l t i n 
mercap t ide , d i l a u r y l and d i b u t y l t i n m a l e a t c ) , (2 5 me ta l s ^ l t s 
( e . g , i n o r g a n i c s a l t s of barium, cadmium. Zinc and lead , u sua l l y 
as phospha te s , carbox^ ' la tes and p h e n a t e s ) , (3^ epoxides and 
8 
(4) p e n t a v a l e n t p h o s p h o r u s compounds . The commonly used s t a b i -
l i z e r s i n c l u d e m e t h y l - / b u t y l - and o c t y l t i n e s t e r s of l a u r i C / 
m a l e i c and t h i o g l y c o l i c a c i d s , O r g a n o t i n s t a b i l i z e r s a r e 
u s e d i n t h e r a n g e of 0 , 3 t o 1,5% of r e s i n f o r P/G p i p e and 
f i t t i n g s and i n t h e r a n g e of 1.5 t o 3,5% of r e s i n f o r c h l o r i n ^ - t e d 
o o l v v i n y l c h l o r i d e p i p e (cPVC) and f i t t i n g s ( B o e t l n e r e t a l , , 
1 9 8 2 ) . 
FOAMING <BLa-/INGJ AGENTS 
C e l l u l a r o r foamed p l a s t i c p r o d u c t s a r e w i d e l y u s e d as 
i n s u l a t i n g and f l o t a t i o n m a t e r i a l s . The main c l a s s e s of 
t h e rma 1 l y l ab i l e compounds a r e : 
(l) a2o compounds 
{2) s u l f o n y l h y d r a z i d e s and 
(3l N - n i t r o s o - c c s n p o u n d s 
INITIATORS 
I n i t i a t o r s a r e u s e d t o i n i t i a t e t h e p o l y m e r i z a t i o n o f 
monomers by f r e e r a d i c a l m e c h a n i s m . Commonly used p o l y m e r i z a t i o n 
i n i t i a t o r s a r e : 
(1) P r o t o n i c a c i d s (H2SO4), 
(2) Lewis a c i d s (AICI3) 
(3) O r g a n o m e t a l l i c compounds 
LXJBxRICAIITS AND FLOiJ CONTROL AGENTS 
L u b r i c a n t s a r e used t o r e d u c e a d h e s i o n and v i s c o s i t y 
of t h e p l a s t i c f o m ^ u l a t i o n s d u r i n g p r o c e s s i n g . There a r e 
o v e r 2 00 t y p e of l u b r i c a n t s t h a t a r e u s u a l l y e i i p l o y c d . I t 
i s a l s o assumed t h a t t h e s e a d d i t i v e s r e d u c e t h e c o e f f i c i e n t 
of f r i c t i o n bettireon p l a s t i c m o l e c u l e s and a c t as s l i p a g e n t s . 
ANTISTATIC AGENTS 
A n t i s t a t i c Agen t s a r e u s e d i n e l e c t r o n i c h a r d w a r e a s 
w e l l as f l e x i b l e PVC and o t h e r i m p o r t a n t f i l m and s h e e t a r e a s . 
A n t i s t a t i c a g e n t s a r e u s u a l l y h y g r o s c o p i c a g e n t s and t h e y a t t r a c t 
and i n c o r p o r a t e s m a l l amounts of m o i s t u r e t o t h e p l a s t i c s u r f a c e . 
There aire a b o u t 180 t y p e o f compounds wh ich aire used as a n t i -
s t a t s , 
FLmS RETARDAI-^ TS 
The f lame r e t a r d a n t s a r e added t o h i g h p e r f o r m a n c e t h e r m o -
p l a s t i c r e s i n s b e c a u s e o f t h e i r use i n e l e c t r i c a l and h i g h 
t e m p e r a t u r e a p p l i c a t i o n s . The m a j o r c h e m i c a l c l a s s e s of a g e n t s 
t h a t have b e e n employed as flame r e t a r d a n t s a r e t 
(a) Phosphate esters, 
(b) Chlorine containing aliphatic, cycloaliphatic and aromatic 
compounds, 
ic) Bromine containing aliphatic, cycloaliphatic, aromatic 
and ionic ccmpounds, 
(d) Chlorine, phosphorous, bromine and phosphorus compounds, 
(el Inoraanic compounds 
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U.V» LIGHT ABSORBERS 
These a r e e.ddod t o p r o t e c t t h e p l a s t i c s f r o n d e t e r i o r a t i o n 
by s u n l i g h t and f l u o r e s c e n t l i g h t n i n g . The mos t v / i de ly u s e d 
U -V , ab s o r b e r s a r e : 
( l l b c n z o p h e n o n e s , 
(2') b c n z o t r i a z o l c s , 
(3) s a l i c y l a t e s , 
(4) a c r y l a t e s , 
(5) organonickel derivatives, 
(6) hindered amines. 
COLORANTS (dyes and pigments") 
Dyes and p i g m e n t s a r e used t o i m p a r t d e s i r e d c o l o r t o 
p l a s t i c s . The c o l o r a n t s used a r e : 
il) solxjble d y e s , 
(2) o r g a n i c p i g m e n t s , 
(3") i n o r g a n i c p i g m e n t s , ( T i t a n i u m d i o x i d e and i r o n ox ide j ) , 
(43 s p e c i a l compound 
FILLERS AND REINP0RGEI4ENTS 
F i l l e r s a r e used t o r e d u c e t h e c o s t o f p l a s t i c s . I t ind ix ies 
l e s s c r e e p , g r e a t e r r i g i d i t y , improved h a r d n e s s and h e a t r e s i s -
t a n c e . Commonly used f i l l e r s a r e : 
(1) S i l i c a p r o d u c t s 
(2) S i l i c a t e s 
(3) G l a s s 
(4^ C a l c i i m 
1 1 I J L 
(5) Metallic oxides 
(6) Meta l powders 
(7^ Carbon Black 
(s) C e l l u l o s i c f i b e r s 
(9) Misce l l aneous Ino rgan i c Compounds 
SOLVENTS 
So lven t s aire employed a t a number of s t a g e s i n t h e p r o c e -
s s i n g of some p l a s t i c s . The major chemica l c l a s s e s i n c l u d e : 
(1) alcohols 
(2) es ters 
(3^ glycol ethers 
(4 3 "ketones 
(55 nitroparaffins 
(SD glycidyl ethers 
HEALTH HAZARDS IN PLASTIC INDUSTPY 
The health hazards in the plastic industry has been 
revievred by many workers (Eckardt, 1973, 1976; lARC, 1979; 
Hemminki et al,, 1979; Vainio et al., 1980'), It has been 
found that some of the chemicals used in the manufacture of 
plastics pose adverse effect on the health of workers employed 
in the plastic industries. In general/ the monomers and some 
additives have shown to be associated with principal hazards 
of plastics (Eckardt, 1976; Kardstadt, 1976; Withey, I977>. 
1 9 
Monomers, vinyl chloride (vc) has been reported to cause 
terminal cancer in workers of the PVC indust ry (Selikoff, e t ^ 1 . , 
1975). I t has a lso been shown t h a t the workers engaged in PVC 
production and polymerization are more suscept ib le t o the 
enormously elevated r i sk of l i v e r malignancies and increased 
r i sk of bra in and CMS tumours and perhaps, also t o malignancies 
of the lymohatic and Inematopoietic system, 
Raynauds phenomenon, ac roos tco lys i s , scleroderma l ike 
skin les ions , hepato- and splenomegaly, and severa l p o r t a l 
hypertension have been shown in the indiv iduals heavily exposed 
to VG,/1PVC» Monomers styrene and acrylamide are reported to 
cause d i sorders in the Central Nervous System and per iphera l 
nervous system, 
Acry lon i t r i l e , used in the production of ac ry l i c and 
modacrylic f ibe r s , res ins and rT±)bers i s reported to cause 
cancer, i r r i t a t i o n and a l l e r g i c d e r m a t i t i s , nausea, vomitt ing, 
headache, immunodepression, symptoms of g a s t r i t i s , c c l o t i s 
and belepharoconjunct iv i t ies to humans (Vvilson, 1944; V^ilson 
e t a l , , 1948; Zellep «3t « 1 . , 1969-j Sakuraiand Kusumoto, 1972 ? 
Zotovoy 1975; Spassovsk, 1976; EniKeeva e t a l . , 1976 and 
O'Berg, 1930K 
The monomers s tyrene , which i s used in the production 
of polymers, copolymers and re i r forced p l a s t i c s , i s reported 
t o cause hepatomegaly, splenomegaly, leucopenia, lymphocytosis. 
1 'I 
X 
i n c r e a s e d i r r i t a b i l i t y o f au tonomic n e r v o u s system^ s k i n a t r o p h y , 
n e u r o g e n i c m u s c u l a r a t r o p h y , a n x i e t y r e a c t i o n , h e a d a c h e , s l e e p i -
n e s s and p e r i p h e r a l n o u r o o a t h y i n humans ( K a t z , 1 9 6 2 ; Srmolova 
e t a l , , 1965 ; A r a k i e t a l . , 1971 and Kl imKova-Dentachova e t a l . , 
10731 . 
A n'jmber of c h e m i c a l a g e n t s u sed a s s e n s i t i z i n g a g e n t s 
h a v e b e e n shown t o b e a s s o c i a t e d w i t h t h e a l l e r g i c r e s p o n s e s 
i n t h e w o r k e r s exposed t o t h e m . I n g e n e r a l , amine compounds 
c a u s e numerous a l l e r g i c r e s p o n s e s and i t i s t h e r e f o r e n e c e s s a r y 
t o e n s u r e t h e p r o p e r p r o t e c t i o n of t h e w o r k e r s exposed t o t l i e s e 
h i g h p o t e n t i a l s e n s i t i z i n g a g e n t s . 
BIOISDIGAL APPLICATIONS AND TOXIC MANIFESTATIONS 
A t r e m e n d o u s i n c r e a s e i n t h e u s e of a wide v a r i e t y of 
p l a s t i c and e l a s t o m e r i c m a t e r i a l s i n m e d i c a l , p h a r m a c e u t i c a l , 
d e n t a l , and b i o c h e m i c a l e n g i n e e r i n g f i e l d s h a s o c c u r e d d u r i n g 
t h e l a s t two d e c a d e s (Weslowsk e t a l , , 1966 ; S a n d e r s , 1 9 7 1 ) . 
The p l a s t i c u s e d f o r t h e m e d i c a l and p a r a m e d i c a l a p p l i c a t i o n s 
c a n be c l a s s i f i e d a r b i t a r i l y i n t o f i v e g r o u p s , as shown i n 
Tab ic ( 1 , 2 ) , Toxic e f f e c t s of some of t h e p l a s t i c s b e i n g u s e d 
f o r b i o m e d i c a l p u r p o s e s i s b r i e f l y summarized b e l o w : 
EFFSCTS Qg PLASTIC gvlPLANTS ON TISSUE 
^s) S h o r t Term C o n t a c t 
A p l a s t i c d e v i c e p l a c e d i n c o n t a c t w i t h t he t i s s u e , 
may r e l e a s e a c o n s t i t u e n t c a u s i n g a l o c a l i r r i t a n t r e s p o n s e 
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which may vary from a mild inflammatory response to a highly 
corros ive ac t ion . Cer ta in type of p l a s t i c s such as nylon, 
eDoxypolymers, and polyurethanes have been shovm t o be associated 
with the t issije responses, 
P l a s t i c i z e r s / used t o impart f l e x i b i l i t y t o the PVC polymers, 
enhance the diffusion of organotin conpounds from the ma te r i a l s . 
Such re lease leads t o a t i s s u e response.Table 1.3 shot; the 
e f fec t of organotin compounds in the presence and absence of 
p l a s t i c i z e r . As i s evident from the t a b l e , the organotin 
compounds in absence of the p l a s t i c i z e r paroduced a t i s s u e 
reac t ion detectable for only a week/ v/hile in presence of 
the p l a s t i c i z e r a prolonged t i s s u e reac t ion was observed. 
Methyl methacrylate has been Liliowij Lo leach out from 
dentures made of methyl methacrylate cement. The pa t i en t s 
wearing such dentures have been reported t o suffer from ca rd ia l 
a r r e s t and hypotension (Caserette and Dowels, 1975) , 
(b') Long Term Contact 
Der)ending on the spec i f ic ma te r i a l and the s i t e of 
implant, i t i s poss ib le t h a t mater ia ls implanted for long 
periods of time in animals and humans w i l l degrade, re leas ing 
polymer fragments t o the body which may e l i c i t one or moro 
b io logic responr--;es. 
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I t has been domcnstrated in rodents t he t a l l types of 
ma te r i a l s having contact v;ith t i s s u e for longer than s ix 
t o nine months leads t o tumour production at the implantation 
s i t e s . The ]<idneys of r a t v;rapped in cellophane, vrera found 
t o beer turaonrs a f t e r a long term contact (Oppenheimer e t a l , , 
1948) . I t has a lso been demonstrated t h a t the s ize and 
form of implant, surface, hardness, thickness and length of 
implants influence the tumorigenesis in experimental animals 
(Alexander and Homing, 1959; Oppenheimer e t a l . , 1958; 
Goldhaber, 1961; Oppenheimer, e t a l , , 1961; Shubik e t a l . , 
1962; Roe e t a l , , 1967. and Bates & Kleui, 1966). 
Al lergic Response 
Acrv'lic denture mater ia ls are reported t o produce responses 
in ce r t a in pa t i en t s which are due t o the monomer or one of 
the addi t ives present in t h e completed denture (Fishes, 1956), 
The presence of s e n s i t i z i n g agents in these mater ia ls could 
lead to a l l e r g i c responses in some p a t i e n t s who are hypersensi-
t i v e to the offending agent . 
Systemic Toxicity 
The migration of cons t i tuen ts from the p l a s t i c s or 
elastomers to the t i s s u e s may r e s u l t in t h e absorption of 
t h a t compound. I f t he compound presents in su f f i c ien t concen-
t r a t i o n , i t may lead to systemic t o x i c i t y . I t has been reported 
tha t when the c i r c u l a t i n g blood comes i n to contact with r^olymeric 
IG 
mate r i a l s , i t r e s u l t s in thrombous formation. The blood c l o t t -
ing may be a t t r i bu t ed t o surface charge, Zeta p o t e n t i a l , surface 
forces of unspecific nature , surface structure. , absorption 
of ce r t a in types of proteins from c i r c u l a t i n g blood and the 
r a t e of flow of blood (Lyman e t a l , , 1965'). 
The p l a s t i c s for biomedical appl ica t ions must be s t e r i l i z e d 
since the p l a s t i c mater ia l s cannot withstand autoclaving/ 
other methods of s t e r i l i z a t i o n are employed. Ethylene oxide 
or a combination of ethylene oxide with i n e r t gases have 
been used for the s t e r i l i z a t i o n of p l a s t i c s . Residual ethylene 
oxide in p l a s t i c s has been reported to lead to some heal th 
hazards (Randell BakGr> 1969), Ethylene ox ide - s t e r i l i s ed 
extracorporeal devices with polyvinylchloride tubings , have 
been found t o lead t o a higher i rc idence of hemolysis than 
non-ethylene s t e r i l i z e d ones (Hirose e t a l , , 1963; Clark e t a l , , 
1966). 
Release of Const i tuents from IPlastics to. Solutions and 
Biological Products 
Due to t h e i r f l e x i b i l i t y and c l a r i t y PVC tubing have 
proved t o be the most acceptable ones for the biomedical 
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u s e s . However, i t h a s b e e n r e p o r t e d t h a t c e r t a i n a d d i t i v e s 
l e a c h o u t i n t h e s o l u t i o n which ccme i n c o n t a c t d u r i n g u s e 
o r s t o r a g e . 
The s u s p ^ a l ' o n • t h a t socue l e a c h i n g may be o c c u r i n g from 
t h e PVC t u b e s a r r i v e d from t h e f i n d i n g of p l a s t i c i z e r , 
t h a t serum p a s s e s t h r o u g h t h e IVC t u b e s was v e r y t o x i c t o h e a r t 
c e l l s i s o l a t e d i n t i s s u e c u l t u r e , J a g e r and Rxibin were p e r h a p s 
t h e f i r s t one t o d e m o n s t r a t e t h e e x t r a c t i o n of a p l a s t i c i z e r 
from PVC t u b i n g s used i n i s o l a t e d r a t l i v e r . 
The m i g r a t i o n of DEHP from t h e c a t h e t e r s i n i n f a n t s h a s 
a l s o b e e n r e p o r t e d t o c a u s e s e v e r e p r o b l e m s by a l t e r i n g i t s 
p h y s i c a l and c h e m i c a l p r o p e r t i e s ( s t e t s o n and A u t i a n , 1976!), 
ORGANOTIN CCMPOUNDS 
O r g a n o t i n compounds a r c w i d e l y used p r i m a r i l y as t h e h e a t 
s t a b i l i z e r s i n t h e p l a s t i c i n d u s t r y , as t h e c a t a l y t i c a g e n t s 
f o r p o l y u r e t h a n e foam p r o d u c t i o n and a s t h e b i o c i d e s ( r o d e n t s , 
r e p e l l e n t s , f u n g i c i d e s , i n s e c t i c i d e s and as p r e s e r v a t i v e s e t c ) . 
The common o r g a n o t i n compounds, u sed a s s t a b i l i z e r s i n t h e 
p l a s t i c s i n d u s t r y a r e : 
1 . D i b u t y l t i n d i l a u r a t e (C4H9I Sn(OOCGj^j^H2332 
2 . D i b u t y l t i n n . a l e a t e ( C , H Q ) „ SnOOCCH=CHCOO) 
ft y /i n 
3 . D i b u t y l t i n d i (monobuty lmalea te j ) (041^9)2 SnCooCCHsCHCOOC^Hg} 
4 . D i b u t y l t i n m e r c a p t o p r o p i o n a t e 4CgHg}2 Sn SCK2CH2COO^ j ^ 
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5 . D i - n - O c t v l t i n malea te ^n-CgH-j^ ^2 SnOOCGH=CHCOO-) ^ 
6 . D i - n - o c t y l t i n t h i o g l y c o l a t e (n-CgH-j^^')^ Sn SCH2COO) ^ 
7 . D i - n - o c t y l t i n S 5 b i s ( i so o c t y l t h i o g l y c o l a t e ) 
in-CQiiYj)2 -Sn (CgHj_700CCH2S:J2 
8 . D i - n - o c t y l t i n b i s ( 2 - e t h y l h e x y l malea te ) 
(n-CQH^^)^ Sn (O0C,CH=C0OCH2'CH 
Ghemical and P h y s i c a l P r o p e r t i e s of Orqanot in Compounds wi th 
S p e c i a l Reference t o D i b u t y l t i n D i l a u r a t e (DBTL) 
The s t r u c t u r e of d i b u t y l t i n d i l a u r a t e has been dep ic t ed 
i n f igure 2 • 
1 . Molecu la r formula (C^Hg)2 Sn(02CC2^j^H2352 
2 . Molecu la r w e i g h t : 631,55 
3 . Tin c o n t e n t (%): 13.8 
4 . Appearance: Liquid o r s o l i d a t low m e l t i n g p o i n t 
5 . Bo i l i ng Po in t (0°C/mm Hg) : 400/10 mm Hg 
o 
6 . S p e c i f i c g r a v i t y a t 25 C: 1.05 
7 . Mel t ing P o i n t ° C : 27 
8 . S o l u b i l i t y : 8 t o 50 ppm s o l u b l e i n wate r and r e a d i l y s o l u b l e 
i n o rgan i c s o l v e n t s , e . g . chloroform o r benzene . 
Organot ins are def ined as compounds wi th a cova l en t Sn-C 
bound and t h e g e n e r a l formula i s s 
Rn-Sn-Sx-n 
where Rn = One t o four a l k y l o r a r y l groups 
Sn = t h e c e n t r a l t in^atccn having ^ cpva l ance .o f four X = a s i n g l y charged anion o r a n i o n i c o rgan ic group 
n = l , 2 ^ 3 
STRUCTURE OF DIBUTYLTIN DILAURATE 
0 
II 
CH3-(CH2)2-CH2 0 - C - C H 2 - ( C H 2 V " ^ ^ 
\ / 
CH3-(CH2)2~CH2 '^0-C-CH2-(CH2)9-CH3 
0 
FIQ-;? 
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C h e m i c a l r e a c t i o n s of t h e t i n - c a r b o n bond i n c l u d e a c i d i c 
Rnd b p s i c h y d r o l y s i s ( o r s o l v o l y s i s i n g e n e r a l ) , o x i d a t i o n / 
D h o t o x i d a t i o n , ^nd l a s t l y r e d u c t i o n . The t i n - c a r b o n bond 
i s q u i t e s t a b l e and r e s i s t a n t t o o x i d a t i o n be low 200 C . Sodium 
b o r o h y d r i d e a s t r o n g r e d u c t a n t s can r e d u c e o r c a n o t i n s i n 
s o l u t i o n t o form a s e r i e s of s u b s t i t u t e d s t a n n a n e s o r s t a n n a n a 
i t s e l f ; SnH, K i n e t i c s t u d i e s of o r g a n o t i n deca r iDOs i t ion 
i n s o l u t i o n have e s t a b l i s h e d t h a t s o l v o l y s i s , i n c l u d i n g h y d r o l y -
s i s , i s s econd o r d e r , i . e . f i r s t o r d e r v / i t h j r e spec t t o o r g a n o t i n 
m o l e c u l e and second o r d e r w i t h r e s p e c t t o a t t a c k i n g s p e c i e s , 
VJith a l a r g e nvimber of a t t a c k i n g s p e c i e s . W i t h a l a r g o number 
o f a t t a c k i n g s p e c i e s , k i n e t i c s t u d i e s have b e e n p e r f o r m e d , 
wh ich y i e l d s p seudo f i r s t o r d e r k i n e t i c s . C l e a v a g e o f o r g a n o t i n s 
i n s o l u t i o n i s pH d e p e n d e n t and , i n g e n e r a l , r e q u i r e s c o n d i t i o n s 
o f h i g h a c i d i t y (pH 4^ o r h i g h a l k a l i n i t y (pH 1 2 ) . 
MIGRATION OF ORGANOTIN STABILIZERS FRCM PLASTIC 
O r g a n o t i n s t a b i l i z e r s a r e r e p o r t e d t o m i g r a t e i n v a r y i n g 
q u a n t i t i e s from PVG b o t t l e s and o t h e r c o n t a i n e r s d u r i n g 
s t o r a g e . L a r g e amounts o f o r g a n o t i n s t a b i l i z e r s have b e e n 
d e t e c t e d i n t a p w a t e r , "WOgseC^e w ine and o l i v e o i l s t o r e d 
i n f l e x i b l e "EVC as compared t o t h e r i g i d p o l y m e r . The 
e x t r a c t i b i l i t y was i n c r e a s e d w i t h i n c r e a s i n g l i p o p h i l i c p roper . -y 
o r f a t c o n t e n t of t h e e x t r a c t i o n a g e n t s (Klimmer and Nobe l , 
1 9 6 0 ) , E x t r a c t i o n of o r g a n o t i n compounds i n t o w h i s k y , b o e r , 
c h e r r y s o d a , a p p l e j u i c e , v e g e t a b l e o i l , p e a n u t o i l s u n f l o w e r 
o i l , t o m a t o j u i c e and m i n e r a l w a t e r h a s a l s o been r e p o r t e d ( C a r r , 
1969 ; V7oggen e t a l , , 1969 ; Koch and P i g g e , 1 9 7 i ; ) , 
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The contents of stabilizers in food should not exceed 
1 ppm as required by Pood and Drug Administration (FDA) of 
U.S.A. (Piver^ 1973"). 
Tpxipity 
Many of the organotin compounds are reported to be t o x i c . 
The manifestations of the t ox i c i t y are dependent upon the 
organic constiti:usnts of t h e t i n compound, the mode of exposure 
and the animal species studied, as shown in Table ( 1 , 4 ) , 
The t o x i c i t y of a ry l and a lkyl t i n der iva t ives have 
been irecognized for a long time and i s pr imar i ly due t o the 
s o l u b i l i t i e s of these orrranotin de r iva t ives in body fluids 
(Piver, 1973'), Table 1.5 s\immarize the acute IJD50 of some 
of the organotin compounds, 
Triorganotin ccmpounds (R3SnX) have been shown to produce 
maximum b io log i ca l a c t i v i t y against a l l spec ie s . The t o x i c i t y 
of t i n compounds decreases with the increase in n-a lkyl 
chain lengths within t r i a l k y l t i n s e r i e s . The highest tox ic i ty 
i s observed for t r i e t h y l t i n compounds. Further increase in 
normal a lkyl chain length produces a sharp drop in b io log ica l 
a c t i v i t y and t r i - n - o c t y l t i n compounds become e s s e n t i a l l y 
non-toxic to a l l l iv ing spec ies , 
Dialkyl t i n conpounds (R^Sn)^, shovv' a s imi la r t rend of 
decreasing t o x i c i t y with increas ing length of the a lkyl chain. 
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ThBLE 1 , 5 ; Acu te T o x i c i t y of S e l e c t e d t i n Compounds i n Mammals 
T i n Compound Animal Rou te 
^ ^ 0 
(mg/kg) 
I n o r a a n i c t i n : S t a n n o u s c h l o r i d e mice o r a l 250 
R^^Sn: 
RgSnX: 
R^SnX^ 
Te t rame t h y l t i n 
T e t r a e t h y l t i n 
T e t r a b u t y l t i n 
T e t r a o c t y l t i n 
T r i m e t h y l t i n a c e t a t e 
T r i e t h y l t i n a c e t a t e 
T r i e t h y l t i n a c e t a t e 
T r i b u t y l t i n c h l o r i d e 
T r i o c t y l t i n c h l o r i d e 
D i m e t h y l t i n c h l o r i d e 
D i - n - b u t y l t i n 
d i c h l o r i d e 
D i o c t v l t i n d i c h l o r i d e 
rat 
rat 
rat 
rat 
rat 
rat 
rat 
rat 
rat 
rat 
rat 
oral 
oral 
oral 
oral 
oral 
oral 
I.P. 
oral 
oral 
oral 
oral 
195-331 
9-6 
4000 
50,000 
9.1 
4.0 
5.0 
129 
4,000 
73.9 
100 
r a t o r a l 4 , 0 0 0 
RSnX. 
S t a b i l i z e r s 
B u t y l t i n t r i c h l o r i d e r a t 
n - o c t y l t i n t r i c h l o r i d e r a t 
D i b u t y l t i n d i l a u r a t e 
D i b u t y l t i n d i m o n o -
b u t y l m a l o a t c 
D i - n - o c t y l t i n t h i o -
g l y c o l a t e 
D i - n - o c t y l t i n m a l c a t e 
D i - n - o c t y l t i n 
d i l a u r a t e 
r a t 
r a t 
r a t 
oral 
oral 
oral 
oral 
2200-2395 
4500 
175 
120 
o r a l 945 
rat 
rat 
rat 
oral 
i.P''. 
oral 
1265 
95 
6450 
Halacka 
Klimmer 
(1970), 
(197S). 
Piver (1973), Smith (1978), Luitjen and 
21 
% 
The symptons of poisoning produced by d i a l k y l t i n compounds 
^re en t i r e ly d i f f e ren t from those produced by t r i a l k y l t i n 
compounds (Luit jen and Klimmer, 1973) • 
The monoorganotin compounds (RSnX3)do not exh ib i t any 
important tox ic act ion in marrmals and shows the famil iar 
pa t t e rn of decroasing t o x i c i t y with increas ing chain length 
(Smith, 1978), Weight loss and impaired growth was observed 
by Stonner {19663 in r a t s fed upto 200 ppm t r ipheny l t i n 
ace ta te d i e t , Guinea pigs were more sens i t ive and impaired 
growth occured a t 1 ppm of t r ipheny l t i n a c e t a t e . 
Acute and chronic t o x i c i t y s tud ies i n the r a t s with 
commercially important thermal s t a b i l i z e r s and c a t a l y s t s 
revealed a low t o x i c i t y in comparison to t r i a l k y l or t r i e t h y l -
t i n compounds. With the Increase in s ize and s t a b i l i t y of 
organic l igand, t o x i c i t y of these compounds was reduced. How-
ever, these coompounds did have the a b i l i t y t o i n h i b i t mito-
chondrial r e sp i r a t i on by preventing the oxidation of X-keto 
acids under in v i t r o condit ions (iElvcr, 1973), 
Biochemical Effects 
The biochemical bas i s of organotin t ox i c i t y has been 
s tudied extens ive ly , Aldridge (1977) observed t h a t the 
in te r ference in the functioning of mitochondria by the t r i -
organotin conpounds was of throe k inds : 
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( l ) an energy dependent chlor ide hydroxy 1 exchange, where 
the most potent compounds are small molecules d i s t r ibu ted 
f a i r l y equal ly between l ip id and water ( i . e . IMT) , 
(2") an energy conservation mechanism where the most potent 
compounds are l i poph i l i c and of higher molecular weight 
( i . e . triphenyltin"*), and 
(3') a generalised in ter ference with mitochondrial membrane. 
The fiirst two e f fec t s were re la ted t o the binding of 
the t i n compounds r a the r s e l e c t i v i t y to a fe\-j s i t e s on 
c e r t a i n pro te ins (Aldridge, 1977^ , One type of binding 
depends on a balance between l ip id and water sol\.±)illty 
a t physiological pH, the other to a po t en t i a l for 5 -
coordinate bonding by t i n . 
Pharmacokinetics 
T r i e thy l t i n and t r ime thy l t i n compounds are well absorbed 
from g a s t r o i n t e s t i n a l t r a c t , due t o t h e i r s o l u b i l i t y , while 
o ther a lky l , a ry l and inorganic t i n compounds, being r a the r 
i n s o l u b l e , are poorly absorbed (Kimbrough, IQVS'), Stonner 
e t a l , (1955") reported t h a t t i n does not accumulate in any 
p a r t i c u l a r organ a f t e r i t s adminis t rat ion by any rou te . Large 
amounts of organotin compounds are excreted in faeces and urine 
within 48 hours (Niles, 1974'). Se id lc r e t a l , , ( l971 ' ) using 
14 
C~di-n-octyl t i n have detected only small amount of r ad io -
a c t i v i t y in l i ve r , kidney, spleen, b ra in , muscles, hear t , 
lung, serum, adrenal , p i t u i t a r y and thymus while the r e s t i s 
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excre ted through faeces and u r ine , Luit jen and Klimmer (1978) 
reported tha t small amounts of orga.notins, absorbed through 
the g a s t r o i n t e s t i n a l t r a c t gets mainly d i s t r i bu t ed in l i v e r 
and kidney, from whore i t disappears within fev/ weeks. 
The metabolism of t e t r a a l k y l t i n compounds t o t r i a l k y l t i n 
compounds have been shown to proceed rapidly in t h e animals 
(Cremer, 1958), The major s i t e of metabolism of organotin 
compounds i s l i v e r . Kimmer e t a l , (1977) have shown the alpha, 
beta , gamma, and de l t a hydroxylation of t r i e t h y l , t r i p r c p y l , 
t r i b u t y l and t r i h e x y l t i n compounds i s ca r r ied out by the 
hepat ic cytochrome P-'450 dependent monooxygenase system (Fish 
e t a l , , 1976), The alpha-OH and beta -OH metaboli tes of the 
t r i b u t y l compounds undergo destannylat ion t o form d ibu ty l t in 
which i s then converted to monobutyl t i n . The same i s the case 
with d ie thy l t i n compounds (Bridges e t a l , , 19673. I t should 
be noted here t ha t the hydrox^''lated b u t y l t i n s appear t o be 
as potent as the parent compound in terms of mitochondrial 
t o x i c i t y (Aldridge, e t a l , , 1977), 
Effects on Blood 
The effects of leachable addi t ives of p l a s t i c s on human 
seriim pro te in and ant ibodies have been studied by Habcrman 
e t a l , (1968), Bis d i b u t y l t i n monolaurylmaleate caused no 
change in blood grouping antiserum, but pxx>duced red blood co l l s 
agg lu t ina t ion , Dibuty l t in d i - i soocty lmalea te was found to be 
des t ruc t ive to ant ibodies and affected the blood reagents 
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^'.bility t o se l ec t ive ly agglu t ina te human blood c e l l s . This 
compound also caused human blood c e l l s t c lyse within 24 hours . 
Effect on Reproduction 
Reproductive system i s a lso affected by organotin compound a. 
Gaines and Kimb'r'ough(l968'') observed a reduced f e r t i l i t y in 
oarly days of experiment i n male r a t s , which improved l a t e r . 
Nikonorow et a l , (1973) showed an increased number of resorpt ion 
and decreased f e t a l body weight following the exposure of d i -n -
oc ty l t in-S-S^ b is ( i so -oc ty l mercaptoacetate) to r a t s . He also 
found incidence in f e t a l death and no gross abnormalit ies were 
found in the fe tuses , 
EEfoct on Brain 
Neurotoxicity of the organotin compounds have been known 
since the 19th century (Foncin and Gioiner, 19191) and invar iably 
has been observed in worker chemist involved in the synthesis 
of spec i f i c organot ins . The neuropathology' of TET has been 
described in human beings (Foncin and Gruner, 1979), 
Animal s tudies (Magoe ct a l , , 195 7") and Aken e t a l , , 1963) 
shown tha t t r i e t h y l se l ec t ive ly i n h i b i t s the oxidation of 
glucose in r a t b r a i n , A decrease in the incorporat ion of 
14 
C-glucose in to glutamate, glutamine alpha~aminobutyrate and 
asparate was also observed in the animals . The experimental 
data indicated of t r i e t h y l t i n was able to decrease the ra t e 
of pyruvate oxidation (Crcmer, 1970). 
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S i n c e o r g a n o t i n compounds have b e e n r e p o r t e d t o % f f e c t 
t h e b r a i n amine l e v e l s i n r a t s , A d e c r e a s e i n t h e l e v e l s o f 
n o r a d r e n a l i n e and 5 - h y d r o x y t r y p t a m i n e was o b s e r v e d i n t h e 
b r a i n of t h e r a t s exposed t o o r g a n o t i n s f o r two and e i g h t e e n 
h o u r s (Rob inson , 1969)* 
Mushtaq e t a l , (1980^) s t u d i e d t h e e f f e c t o f otaJ^ a d m i n i s -
t r a t i o n of DBTL on t h e a c t i v i t y of s u c c i n i a d e h y d r o g e n a s e , 
a c e t y l c h o l i n e e s t e r a s e and monoamine o x i d a s e i n t h e whole 
b r a i n homogena te i n r a t s . He r e p o r t e d t h a t t h e r e was no 
s i g n i f i c a n t e f f e c t i n any of t h e s e e n z y m e s . 
Lawrence e t a l . (19840 r e p o r t e d t h e o r g a n o t i n Gomt>ounds 
have a l s o b e e n r e p o r t e d t o a f f e c t t h e b e h a v i o u r of t h e a n i m a l s . 
Exposu re t o TET h a s found t o d e c r e a s e m o t o r a c t i v i t y , g r i p 
s t r e n g t h , o p e r a n t r e s p o n s e r a t e and s t a r t l e r e s p o n s e a m p l i t u d e 
i n r a t s . Exposure t o TMT p r o d u c e s h y p e r a c t i v i t y i m p a i r e d l e a r -
n i n g and p e r f o r r a a n c e . 
CELL CTTLTURE STUDIES 
Guess and Haberman (1968) have r e p o r t e d t h a t o r g a n o t i n 
compounds c a u s e c e l l n e c r o s i s i n b o t h mouse f i b r o b l a s t and 
c h i c k embryo t i s s u e c u l t u r e t e s t s . The o b s e r v a t i o n s t h a t t h e 
p l a s t i c i z e d p l a s t i c p r o d u c e d c e l l n e c r o s i s w h i l e u n p l a s t i c i z e d 
c a u s e d v e r y l i t t l e o r no c e l l d e s t r u c t i o n ( P i v e r , 1973) i m p l i e d 
t h a t t h e p r e s e n c e of p l a s t i c i z e r h e l p s i n l e a c h i n g of s t a b i l i * -
z e r s , 
;:^ 6 
Sfrect on Liver 
Under i n v i t r o condi t ions , uncouples oxidat ive phosphory-
l a t i on of r a t l i v e r horuogenate and mitochondria was reported 
by Moore and Brody (196laJ following exposure to t r i e t h y l t i n 
compounds. Mitochondrial swelling and i n h i b i t i o n of both 
magnesiiom and 2,4-dini t rophenol ac t iva ted adenosine tr iphosphatase 
of i so l a t ed r a t l i v e r mitochondria has a l so been repor ted , 
A cons i s t en t decrease in the a c t i v i t y of an i l i ne hydroxylase* 
ben2o(a)pyrene hydroxylase, aminnopyrene-n-donethylase, benzpheta-
mine-N-domothylase and content of cytochrome P-450 were reported 
by Mushtaq e t a l , (1980'^ following exposure t o Dibutyl t in 
Di laurate in ra t l i v e r . In addi t ion t o t h i s an increase in 
t h e free -SH content and decreased in the bound -SH content 
was a lso repor ted . 
Blood Bag Assemblies 
"Plastic pouches,4Dags have replaced the glass conta iners , 
for the s torage of large volumes of blood and blood products . 
Migration of some of the components of p l a s t i c s i . e . p l a s t i c i z e r s 
and organotin s t a b i l i z e r s in the blood stored PVC bags have 
been descr ibed , 
Jaeger and Rubin (19 70) have shown the presence of DEHP 
in various organs of the p a t i e n t s who have received large volumes 
of blood stored in PVC bags . I t has been reported t h a t unSer 
various storage condit ions in PVC con ta ine r s , blood and blood 
products may accumulate DEHP ranging from 5- to 20 mg/100 ml. 
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Rubnin 1976 noted tha t whan blood was incubated with v iny l 
p l a s t i c at 37 C for 24 hours, MEHP (5.5 mg/100 R U and monobutyl 
ph tha la te (5.35 mg/100 ml) was also found in the incubation 
medi\:im along v/ith DEHP (36 mg/100 ml ^f p l a s t i c s ) when t h i s 
blood was ad ministered t o the p a t i e n t , not only DEHP but highly 
toxic MEHP also reached the systemic c i r c u l a t i o n s , DEHP 
has also been reported t o leach out in the n-sa l ine and dextrose 
solut ions stored in the p l a s t i c to be used for the t ransfusion 
t o p a t i e n t . 
Extracorporeal Devices and Instruments 
Various types of hear t - lung machines and d i a ly s i s 
instruments have extracorporeal c i r cu l a to ry by pass through 
which blood flows, Neergaard and Cow-or>:e'rs(l9 7l) reported 
tha t severa l pa t i en t s contracted h e p a t i t i s when c e r t a i n types 
of PVC tubings were used in these u n i t s . The causat ive agent 
was d i e t h y l p h t h a l a t e . 
Containers 
Polyethylene and pcl;i'propylene are mostly used for the 
manufacture of p l a s t i c con ta ine r s . Since both polyethylene 
and polypropylene contains small amount of add i t ives , the 
p o s s i b i l i t y of these released si±)Stances to c ause any toxic 
acti-^ns apnears to be minimum. 
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signif icance of the Study Conducted 
P l a s t i c s are being increas ingly used in our country/ 
i n house hold, d e n t i s t r y , storage of drugs, t ransfusion of 
l i f e saving f lu ids , renal d i a l y s i s , open hear t surqor^A, t i s s u e 
implants and cosmetics. Some of the p l a s t i c mater ia l s due t o 
t h e i r migration from the finished mate r i a l in to the mater ia l 
in contac t have posed ser ious hea l th oroblems. The object ive 
of t h i s study i s to inves t iga te the chemical and physical factors 
which eTfect the leaching of seme selected addi t ives from the 
finished p l a s t i c s . The sttjdy a lso attempts to inves t iga te the 
b io log ica l affects of seme of the Icachable p l a s t i c add i t i ve s . 
An understanding of the physical/chemical factors influencing 
the safety of p l a s t i c s may help in developing safe p l a s t i c 
m a t e r i a l s , . The information on the b io log ica l factors w i l l 
provide an understanding of the populat ion which i s vulnerable 
t o toxic e f f ec t s of leachable chemical a d d i t i v e s . Such an 
information wi l l eventually help in the safe use of p l a s t i c s 
for va r i e ty of purposes including the packaging, s torage and 
del ivery of l i fe -saving drugs and f l u i d s . 
MATERIALS AND METHODS 
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Squipments Used 
1, Ovan capable of maintaining the desired temperature _+ 
o 
5 o through out the t e s t per iod , 
2, Heating mantle with temperature jregulatory device , 
3 , Colourless laboratory glass wares. 
4 , Met t le r balance with a s e n s i t i v i t y of 0,001 mg, 
5 , Heating furnace of giving temperature to 600 °C, 
6 , Crucible of v i t r o s i l made and des ica to r e t c , 
7 , Perkin-Elmer SOOOatomic absorption spectrophotometer. 
3 , Pyeunicam SF8-200 spectrophotometer, 
9. D i g i t a l Photo-Actometer, Techno/ Ind ia , 
10, Cook's Pole Climbing Response Apparatus, Techno, Ind ia . 
11. Kontron-spectrofluorometer SEM 23/B, 
ao 
The p l a s t i c s mater ia l s ( v i z . ; lunch box, t ransparent 
v;?ter tumblers, coloured water tumblers and freeze bottles!) 
were purchased from loca l market. The make/brand colour of 
the mat3r ia ls v;as recorded and the mater ia l s was examined for 
any cracks or ho les . The chemical t e s t procedures based on 
t e s t s recom-^ended by Indian Standard I n s t i t u t e and Br i t i sh 
•pharmacopoeia were adopted for the safe use of p l a s t i c mater ials 
Chemicals 
Dibuty l t in Dilaurate which i s used as s t a b i l i z e r in the 
trom 
p l a s t i c s v/as purchased/f luce, A»G-, Norepinephrine, Dopamine 
and Serotonin were purchased from Sigma Co. St 0 'Louis, Mo, 
U.S.A. The r e s t of the chemicals used were e i t h e r AR or GR 
grade. 
Standard Test Conditions and Food Simulating Solvents as 
£ecommended by Indian Standard I n s t i t u t i o n s ( iS l ) , New Delhi 
Standard Test Conditions 
Two se ts of condi t ions v;ere employed on the ext rac t ion 
s t r d i e s : 
A. Long econtact a t a lower temperature :24 hours a t 40 C. 
B. Brief contact a t higher temperature:2 hours a t 6 0 C. 
For s tudies on e x t r a c t a b i l i t y with n-heptane and n-hexane 
o Q 
the Samples were exposed for 30 minutes a t 25 C and 40 C 
r e spec t ive ly . 
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Food Simulatincf Solvents and S x t r a c t a n t s 
1, D i s t i l l e d wate r - R e d i s t i l l e d wate r prepeared 
by ion exchange method. 
2 , Acet ic ac id - 3% {va./vl, p repared i n d i s t i l l e d 
w a t e r , 
3 , Ethyl a l c o h o l - 8% ( v / v ) , p repared in d i s t i l l -
ed water, 
4, Ethyl alcohol - 80% (v/v), prepared in distill-
ed w a t e r , 
5 , n-hexane, n-heptane - r e d i s t i l l e d be fore u s e . 
S tandard Test Condi t ions and Food S imula t inq Solvents as 
Becommended by B r i t i s h Phary^iacopoeia and B r i t i s h P l a s t i c 
F e d e r a t i o n , U»K* 
1. For p l a s t i c s used fo r n o n - f a t t y food packaging 60 C for 
10 days ( T . R , Croupton "Addi t ive migr 1979) , 
2 , For p l a s t i c used fo r f a t t y food 40 C fo r 2 hours 
(M. Deckrui J . F , , M.A.A (1983K 
3 , For p l a s t i c s used fo r p h a r m a c e u t i c a l s , i n j e c t i o n s and 
in f ' i s i on s o l u t i o n s . 70 C fo r 24 hours (Jackcooper , 19741, 
4 . For p l a s t i c s used fo r a l c o h o l i c beverages 50 C for 
10 d a y s . 
Bx t rac t inq Media fo r P l a s t i c s Used fo r Packaging of non Fa t ty 
Food ( B r i t i s h Pharmacopoeia) 
1. Distilled water 
2, Normal saline 
3. Sodium carbonate (5%) 
4. Acetic Acid (5%) 
5, Ethanol (5%) 
6, Vegetable oil (ground nut oil) 
:i2 
.Extrac t ing Media for P l a s t i c Used for PaOcaqlnq of a Fa t ty Food 
(3 r i t i s h Pha rmacpp pe i a ), 
1 . D i s t i l l e d wa te r 
2 . Normal s a l i n e 
3 . Sodium carbonate (5%'') 
4 . Ace t ic Acid (5%) 
5 . E thano l (5% )^ 
6 . Vegetable o i l (ground nut o i l ) 
7 . I s o - o c t a n e 
E x t r a c t i n g Media for P l a s t i c s used fo r Pharmaceu t ica l s I n j e c t i o n s 
and In fus ion S o l u t i T i s ( B r i t i s h Phannacopoeia) 
1. D i s t i l l e d wate r 
2 . Normal s a l i n e 
3 . 5% Alcohol 
4. Vegetable oil ^ground nut oil) 
Preparation of Plastic Extracts 
According to ISI/ 2 ml of the extract is used per surface 
area of 1 cm and according to British Pharmacopoeia 1 ml of 
the extract is used per surface area of 5 cm'' if the article 
itself used as container. The other plastic materials are 
cut into small pieces (5 x 0,5 cm) and immersed in the extract-
ants and kept at a temperature and times as indicated above. 
A blank test was carried out simultaneously without the sample, 
but with the same quantity of the solvent alone. The I.S-I» 
has recommended only Global migration in the extracts, but to 
sec the ef fec ts of various physical and chemical factors on 
the I sachab i l i ty the other t e s t s v;ere also performed which 
has been recommended by Br i t i sh Pharmacopoeia, 
Ghemica_l Tesjts (For p l a s t i c s used for fa t ty and non fa t ty food) 
'The chemical t e s t s of the p l a s t i c ex t r ac t s are car r ied 
out under the following headings: 
i ) C la r i ty and Colour: The ex t r ac t should be c lea r and colour-
less when comparxBd with blank (Br i t i sh Fharmacopocis) . 
i i ) ^Test and Smell: The ex t r ac t compared v;ith the blank 
should be odourless and t a s t e l e s s (Br i t i sh Pharraacopocia), 
i i i ) U.V. Absorbing Mate r i a l : The difference in the absorbancc 
of t e s t solut ion and blank by scanning between 2 20-400 
nm should exhib i t not more than 0,3 O.D, (Bri t ish Pharma-
copeia) . 
^^^ Global Migration (Residue, on Evaporat ion): 100 ml p l a s t i c 
ex t r ac t s are evaporate on e i t h e r a heat ing montle or 
a water bath and i s dried t o a constant weight a t 105 C, 
Simultaneously 100 ml Extractants of controls are also 
evaporated the s imi la r condi t ions . The difference in 
the residue of p l a s t i c ex t rac t s and controls should not 
be more than 5 mg. This pe>rmissiblc l imi t has been 
recommended by I . S . I , and Br i t i sh Pharmacopoeia. 
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v) Acidity or Alka l in i ty : 10 ml of the ex t rac t i s not coloured 
rod on the addi t ion o f two drops of phenolphthalein 
solut ion and requires not more than 0.4 ml of 0,01 N sodium 
hy'3roxide t o produce a red co lour . After removal of the 
colour by the addi t ion of 0,B ml 0,01 N hydrochloric acid, 
the addit ion of five drops of methyl red solut ion produces 
a red or orange-red co lour . ^ B r i t i s h Pharmacopoeia), 
v i ) Heavy Metals : 
^^^ In e x t r a c t : The ex t rac t s were digested with 1.0 ml 
concentrated KNO_ and metal contents were analysed 
using PerkinElmer 5000Atomic Absorption Spectrophoto-
meter. The ex t rac t should not have more than 1 ppm 
concentrat ion of a r sen ic , chromium/ copper, lead, t i n , 
magnesium, z inc . Manganese, and 0,1 ppm concentrat ion 
of Cadmivim (Br i t i sh Pharmacopeeia) • 
(b') In p l a s t i c m a t e r i a l : The residue on ign i t ion of 1 g 
of p l a s t i c mate r ia l i s dissolved in the minimum 
quant i ty of 2 N HCl and heated i f necessary. The 
metals v/ero analysed using Perkin-Elmer SOOOAtomic 
Absorption Spectrophotometer, Permissible l imi t 
same as in t h e above case , 
'^ii^ Residue on I g n i t i o n : 1.0 g of the p l a s t i c s ma te r i a l when 
igni ted to constant weight leaves not more than 1 mg of 
r e s idue . 
BEfGCt Of Sunlight on the Leachable Components of P l a s t i c s 
The p l a s t i c s samples were prepared according t o the 
procodiire reconmendcd by I . S . I , in d i f fe ren t ex t rac tan t s 
wore kept in the siinlight for eight ho-irs. All the chemical 
t e s t s mentioned above were perform.ed. in a l l the e x t r a c t s . 
Effect of pH on the Leachable Components of P l a s t i c s 
Effect of pH were examined in three ex t rac tan t s of 
d i f f e r e n t pH, Acidid ex t r ac t an t pH = 3, basic ex t r ac t an t pH = 
10 and neu t ra l ex t rac tan t of pH = 7, The acidic ex t r ac t an t s was 
acet ic acid and basic ex t rac tan t was Na2C03 and d i s t i l l e d v/ater 
was made neut ra l ex t r ac t an t , iof pH = 7 . 
Animals and Treatment 
Female albino r a t s weighing 100 + 15 gm, fix>m the ITRC 
animal breedino colony were maintained on a standard p e l l e t 
d i e t (Piind Lever/ India') and water as requi red . The r a t s were 
divided i n to four groups having 20 animals in each group* 
Dib!-tylt in d i l au ra te in ground nut o i l was administered 
ora l ly a t doses equivalent t o 20, 40 and 80 mgA:g body weight 
for 3 consecutive days . The controls received an equal volTjme 
of the vehicle (ground nut o i l j in i d e n t i c a l manner. Six animals 
were used for the determination of biogenic amines and another 
s i x animals for locomotor and learning a b i l i t y , 
Behavi ora1 Procedu re s 
The following behavioral t e s t s v/ere car r ied out . 
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gpoDtaneous_ Locomotor Activi ty 
Twenty-four hours a f t e r the l a s t in jec t ion of DBTL 6 r a t s 
from the cont ro l and 6 from t rea ted groups were removed from 
the home cage and pladed ind iv idua l ly in a photoactometer 
(Techno, India) and spontaneous locomotor a c t i v i t y was recorded 
as counts per minute for a period of 10 minutes. All the studies 
were conducted between 10»00 and 18.00 hours . The bo2< was 
wiped Glean before each r a t was t e s t e d . 
Learning T^ i l i t y 
On the second day a f t e r t reatment , r a t s were removed from 
the home cage and placed in the chamber of t he Cook's pole 
Climbing apparatus (Techno, India!)* 
The conditioned s t imul i wore the sound of a buzzer and 
turning of a l ight in the compartment occupied by the rat« I f 
the r a t did not clinto the pole within 10 seconds, the uncondition-
ed stimulus (an e l e c t r i c shock of 400 V and 0,2 ma) was delivered 
through the g r id - f loo r of the box. 
An avoidence t r i a l incliKied a maximum of 10 second of 
conditioned stimulus (CS) alone followed by 10 seconds of 
both CS and unconditioned stimulus (U.S.) and 40 seconds i n t e r -
t r i a l i n t e r v a l (ITI) , The U.S. was imrt^ediately terminated 
as soon as t he ra t climbed the pole and foot*shock was avoided. 
The number of times the r a t climbed the pole during the C*.S. 
period was considered t o r e f l e c t learning* The index for the 
IJ 7 
evaluation of the a c q r i s i t i o n process was the response r? te 
(number of times r^ -^ t climb the pole or % avoidance ra te ) . 
Determination of Norepinephrine, Dopamine and Serotonin in 
t!.:: 'i'.'holG Brain Piomooonatp 
Animals were sacr i f iced by decap i t a t i ons . Brains ware 
removed, weighed and honogenized in ch i l l ed butanol to v/hich 
a desired amount of 0,01 N HCl was added. The hanogenatc was 
then centrifuged at 1500 rpm for 10 minutes, to sediment the 
t i s sue debr i s , a c l ea r supernatant was obtained. 2 ml of 
butanol a l iquot was then taken in centr i fuge tube to which 
1.5 ml of 0 .1 N phosnhato buffer was added and again centrifuged 
at 3000 rpm for 20 minutes to ex t rac t the DA and NE, For the 
determination of 5-HT another 2 ml a l iquot of butanol supernatant 
was taken in a centr ifuge tube containing 5 ml heptane and 0,5 ml 
of 0,1 N HCl and i t v^ ras centrifuged at 3000 rpm for 20 minutes. 
5-HT was extracted in 0 ,1 N HCl and NE, and Dopamine v;ere 
extracted in 0,1 M phosphate buffer . These a l iquots wore 
fur ther oxidised i n t o fluoroohores by the method of Jacobwitz 
and Richardson (1977), NE fluoroscence were read out a t 385 
exi ta t ion/485 emission, DA fluorescence were read out a t 320/385 
and 5-HT at 360/470 on a Kontron-spectrofluorometer SIM-23/B, 
Slopes were calcula ted from the standards of the d i f fe ren t 
biogenic aminos and the concentrat ion v/ere expressed as ug/gm 
fresh t i s s u e by dividing the fluorescence reading of standards 
by solope reading and the t i s s u e weight. ' ' '^u,' 

RESULTS AND DISCUSSION 
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Miqrat lonal Behavior of P las t ic Mfl i t ives 
Effect of d i f ferent phys ica l factors such as temperature 
and sunl ight and chemical factors such as pH, chemical nature 
of the ex t rac tan t s and composition of p l a s t i c s influencing 
the l eachab i l i ty of toxic chemical addi t ives are summarized 
in t a b l e 2-8 and figures 3-10. I t i s evident from t ab l e 2 
t h a t none of the metals leached out in amounts above than 
the permissible l imi t (APL) when the ex t rac t ion s tudies were 
ca r r i ed out v/ith d i s t i l l e d water a t 40 C for 24 hours, a t 
60 °C for 2 hours or a t 60 °G for 10 days or in sunl ight 
for 8 hours in case of t r ansparen t water t\:umblcrs. A s imi lar , 
pa t t e rn of leaching of metals except the migration of Cd above 
than the permiss ible l imi t under sunl ight was followed in 
the case of Freeze b o t t l e s under d i f f e r en t t e s t cond i t ions . 
In case of coloured water tumblers, as evident from tab le 2 
Cu and Cd were found t o leach out in concentrat ion above 
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than the permissible lirnite when the ex t rac t ion was carr ied out 
p\t 40 °C for 24 hours . Freeze b o t t l e s also shov/ea leachirig 
of Cr an'S Cd in amounts above t-"an the permissible l imi t when 
t^e ex t rac t ion was carr ied out a t 60 °C for 10 days a l l the 
three metals fonnd to leach out in amounts above than the 
permiss ible l i m i t . The sunl ight was found to influence the 
leaching of metals in l i t t l e d i f fe ren t way. Under these 
conditions Cd, Cr and Mn v/ere found to leached out in concen-
t r a t i o n s above than the permissible l i m i t . In case of lunch 
boxes, Pb, Cd and Mg leached out in amounts above than the 
permiss ib le l imit when the ex t rac t ion was car r ied out a t 40°G 
for 24 hours and in addi t ion to these metals Cu migrated out 
in amounts above than the permissible l imi t when the samples 
v/ere extracted a t 60 °C for 2 hours, lAll these four metals 
were also found to leach when the ex t rac t ion study was car r ied 
out at 60 °C for 10 days, the leaching being s l i g h t l y higher 
in a l l c a se s . All these metals were also found to migrate 
out in am.ounts above than the permissible l imi ts v/hen the 
ex t rac t ion v/as carr ied out in sun l igh t . 
Table 3 S--^ OVJS the migration of metals in concentrat ion 
above than the permissible l imit v/hen 3% ace t ic acid v/a.s used 
as the ex t rac t an t . As evident from the T;'hlG 3 Pb, Cd and Mg 
migrated out in amounts above than the permissible l imi t from 
lunch boxes, when "kept for 24 hours at 40 °G, but v/hen the ex-
t r a c t i o n v/as carr ied out a t 60 ^C for 2 hours, in addit ion to 
these th ree metals Cu also migrated out in concentration above 
than the permissible l i m i t . All these were also found to migrate 
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v/hen ex t rac t ion v/as car r ied out a t 60 °C for 10 days in amounts 
above than the permiss ible l i m i t . The migration of these 
mot'-^ls v/as hov/ever in s l i g h t l y higher concentra t ion . I t i s 
i n t e r e s t i n g to note t h a t as in case of d i s t i l l e d water, migra-
t ion of Mn occurred only when the ex t rac t ion was car r ied out 
in sun l igh t . Furthermore, Gu v/hich was found t o leach out 
from lunch boxes a t 60 °C for 2 hours and 10 days ext ract ion 
period, was not found to leach out under the sun l igh t . Under 
the sunl ight Pb, Cd, Mn and Mg were found t o leach out in 
amounts above than the permiss ible l i m i t . The coloured water 
t-umblers showed the migration of Cr, Cd and Cu in amounts 
above than the permissible l imi ts and exhibi ted more or less a 
p a t t e r n s imi l a r t o tha t of lunch boxes. In t h i s case also 
Mn, was found to leach out in amounts above than the permissible 
l imi t only when kept for 8 Hours in the sun l igh t . I t was 
i n t e r e s t i n g to note t ha t the freeze b o t t l e s which did not show 
the migration of any metals in amounts above than the permissi~ 
ble l imi t , when extracted at 40 °C for 24 hours or 60 °C for 
2 hours or 10 days showed migration of Cd in concentrat ions 
above than the permissible l imi t when extracted in sun l igh t . 
I t i s evident from the t a b l e is) t h a t none of the metals leached 
out in concentrat ion above than the permissible l imi t frarm 
t ransparent v/ater tumblers under any of the ext rac t ion condi-
t ions . 
The migration of var ious metals in 5% ace t i c acid under 
d i f fe ren t t e s t conditions are shown in Table (4) . The pat tern 
of migration of various metals in 5% a ce t i c acid i s s imi la r to 
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t h a t of 3% ace t i c ac id . However, in t h i s case leaching of 
metals v/cre s l i gh t in higher concent ra t ions . The t ransparent 
water tumblers which did not show migration of any metals 
i n amount above than the permissible l imi t s in 3% ace t ic acid 
showed t h a t of Cd, when the ext rac t ion was carr ied out in 
Sim l i g h t . 
Table 5 and 6 shows the migration of metals in 5% and 
8% ethanol. Freeze bottles and transparent water tumblers 
did not show migration of any metals in concentration above 
than the permissible limit when extracted for 24 hours at 40 °C, 
2 hours at 60 °C or 10 days and for eight hours in the sunlight 
in 5% and 8% ethanol. Lunch boxes showed migration of Cu 
in concentrations above than the permissible limit when the 
extraction was carried out for 24 hours at 40 °C and at 60 oc 
for 10 days (Table 53• However, when the extraction was 
carried out in sunlight, in addition to Cu, Mg v/as also found 
to leach out in concentration above than the permissible limit. 
It is evident fron table (5), that Cu, and Cd migrated out 
from coloured water tumblers when the extraction was carried 
out at 40 °C for 24 hours. In addition to Cu and Cd, Cr was 
also found to migrate out in concentration above than the 
permissible limit when the extraction was carried out at 60 C 
for 2 h'^ urs or 10 days or in the sunlight. It is evident 
from T?^ ble 6 that in 8% ethanol only Cu migrated out in concen-
tration above than the permissible limit from lunch boxes 
when the extraction was carried out at 60 "C for 10 days or 
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in sunlight. In case or colovired water tumblers leaching of 
C\\ and Cd was observed in amounts above than the permissible 
limit in all the test conditi^ ins except at 50 C for 2 hours. 
The results in Table 7 and 8 showed the migration of metals 
ir concentratiors above than the permissible limit in 5% Na2G03 
and O.g/'i waCl. Cadmium was found to leach out in concentrations 
above than the permissible lim.it in 5% Na2C03in all the test 
conditions in case of freeze bottles. The transparent water 
tumblers showed leaching of Gd only when extraction was carried 
out at 60 °C for 10 days or in the sunlight. Coloured water 
tumblers showed migration of Cr in concentrations above than 
the permissible limit when the extraction was carried out at 
40 *^C for 24 hours. Leaching of only Cd was observed when 
the extraction was carried out at 60 <^ C for 2 hours. However, 
sunliaht 
when the extraction was carried at 60 cc f^^- lo days or inACr, 
Cd and Mn were found to migrate out. The lunch boxes showed 
migration of Mg in amounts above than the permissible limit 
w>^ en the extraction was carried out at 60 °C for 2 hours, ana 
of Cu and Mg when extracted at 40 ^C for 24 hours. However, 
wV-'Gn tbc extraction was carried out at 60 ^C for 10 days or 
in sunlight in addition to these two metals Pb also leached 
out in amovmts above than the permissible limit. With few 
exceptions a similar pattern of leaching of metals from various 
plastic materials was found when 0,9% NaCl was used as an 
extractant. The freeze bottles did not show migration of any 
metals in amounts above than the permissible limit in various 
tests conditions. 
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Our results suggest that the nature of the extractants 
and the sunlight affected the leaching of metals. Among the 
various extractants higher concentration of metals v/as found 
to leach out in acetic acid in comparison to other extractants. 
The sunlight v/as also found to exert a significant effect 
on the leaching pattern of the metals from the various test 
objects In most cases, higher amounts of metals ^ -rere found 
to leach out in sunlight in comparison to other test conditions 
in a given extractant. Furthermore, sunlight appeared to 
influence the migration of Mn selectively from lunch boxes 
and coloured v/ater turrblers when acetic acid and distilled 
water were used as the extractants. At present it is difficult 
to pin point the exact factors responsible for such an effect 
of sunlight. Possibly factors such as U.V. rays present in 
sunlight may be responsible, Polymer fragments from Ecolyf 
polystyrene produced by photo degradation (by exposing to U.V, 
light or radiation} have been obseirved to be attached and 
metabolized by soil microorganism to variable degree (Spencer, 
et al., 1976) . 
The global migration of plastic constituents under different 
test conditions in various extractants is illustrated in Figures 
3-6. The global migration of chemical additives was found to 
leach out above than the permissible limit in all the samples 
tested when acetic acid, normal saline and sodium carbonate 
were used as the extractant. Among the different samples tested 
the coloured water tumblers showed the maximum global migration 
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4i 
in almost a l l the ex t r ac t an t s and the order was : col cured 
water tumblers ^^  t ransparen t water tumblers \ firecze bo t t l e s^ 
lunch boxes. Except the t ransparent v/ater tumblers a l l 
the other mlast ic samples invest igated shov/ed a higher degree 
o I" global migration in sodium carbonate. The t ransparent 
vmter tumblers, shov/ed the maximum global migration in 5% 
ace t i c acid instead o F sodium carbonate . There \7as no s-igni-
f leant difference in the degree of global migrations betv/een 
a lcohol and d i s t i l l e d water. The global m.igration obtained 
in the sunl ight vras comparable with the global migration 
obtained at 40 '^ C for 2-1 hours . The a loba l migration obtained 
in 5% ethanol and 8% ethanol were also found t o be comparable. 
However, in case of ace t i c acid a higher degree of global 
migrations was observed in 5% ace t i c acid in comparison to 3% 
acet ic ac id . P l a s t i c ex t r ac t s prepared by the procedure recomm-
ended by Br i t i sh Pherroacopoeia showed the global migration 
from a l l the p l a s t i c samples above than the permissible l imi t 
in a l l the e x t r a c t a n t s . 
Figures V'- ' IO show the degree of leaching of U*V# absorb-
ing mater ia ls in various p l a s t i c samples under d i f f e ren t t e s t 
cond i t ions . I t i s evident from tab le 5, t h a t the U.V. absorbing 
mater ia l s were below permissible l imi t in a l l the ex t rac tan t s 
in the case of Freeze b o t t l e s . On the o ther hand 
coloured water tumblers shov/ed migration of U.V. 
absorbing materials in amounts above than the permiss ible 
l imi t in a l l the ex t rac tan t s except 0,9% NaCl. 
than 
The leaching of U.V. absorbing mater ia ls v/ore in amounts ebovo/ 
45 
f'-an tbG •pcriTiissibxG iiiu^L in 0,9% NPCI only m -the case of 
t ransDaront vrator trmbler (Fig, 9 ) , The lunch boxes shov/ed 
the rni (7r-?qtion of U»V. absorbing mater ia l above fhan the permissi-
b le l i n i t s in ace t ic acid and sodiura carbonate ext rac t ant 
under a l l t e s t condi t ions . Our r e s u l t shov;s t h a t the U.V* 
absorbing mater ia ls leach out in amounts above than the 
permissible l imi t in case of coloured water tumbler, lunch 
boxes and t ransparent water tumbler and were s ign i f i can t ly 
increased by higher temperature and durat ion for which the 
sample were kept in con tac t . There was no s ign i f i can t effect 
of sunl ight on the leaching of U.V. absorbing m a t e r i a l s , With 
few exceptions the order of leaching of U.V, absorbing mater ia ls 
in d i f f e ren t ex t r ac t an t s weres 5% Na2C03j)> 5% Acetic A c i ^ 
3% Acetic A c i d \ 0.9% N a C l ^ 8% Ethanol \ 5% E thano lS 
D i s t i l l e d Wfttcr and in the p l a s t i c samples the order was: 
coloured water turrtolers \ t ransparent v/ater turriblors ^ lunch 
boxes y freeze b o t t l e s . As evident from these figures 
/ a f footed 
t^ ie leacT^ lng of U.V. absorbing materials v;ere significantly / 
by tbe nature of the extractants also. 
Our result suggests that some metals leached out from the 
plastic materials tested in this study in amounts above than 
the permissible limits. The nature of the extractant and 
sunlight was found to influence the pattern of the migration. 
U.V. absorbing materials and other additives (as indicated by 
global migration) v/ere also found to leach out from sane 
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of the p l a s t i c m a t e r i a l s . The nature of the ex t rac tan ts v\rere 
also found to influence the degree of migration of the 
above parameters . The duration of the contact did not seem 
to cTrect the migration p a t t e r n . Hov.''ever, t h i s can not be 
s ta ted vjith ce r t a in ty since exact controls vjith respect t o 
srize of the p l n s t i c s were not runnod in p a r a l l e l . Further 
s tudies are needed t o asce r t a in t h i s . 
The heavy metals are injurious to hea l th and produce a 
large number of d i so rde r . Administration of manganese t o iron 
def ic ien t animals leads to marked damage to the bra in and some 
other oraans (Shukla and Chandra, 1976) . Combined exposure 
to manganese wit^ copper produced a l t e r a t i o n s in the levels 
of bra in tryptophan and S-hydroxytryptamine (Chandra e t al*i 
1980), Lead i s a potent neurotoxic meta l . The metal has been 
reported t o be a potent i n h i b i t o r for bra in adenylate cyclase 
and i t has been suggested t h a t in ter ference with c y c l i c - Al'iP 
metabolism and i t s associated synaptic mechanism may play an 
important ro le in some of the neurochemical (especia l ly catechol-
aminergic) manifestation of lead t o x i c i t y (Nathason and Bloom, 
1975, 1976). 
Manganese i s a lso bas i ca l ly a neurotoxic element and 
i s reported t o produce mrrked a l t e r a t i o n in the a c t i v i t y of 
succinic dehydrogenase, monoamine oxidase and in the morphologi^ 
o"f l iver (Chandra and Shukla, 1976). A marked increase in 
the level cf DA and FE were observed during the ear ly period of 
Mn t o x i c i t y (Seth e t a l . , 1977). 
47 
Cadmium i s bas i ca l ly a nephrotoxic element and i s reported to 
produce disturbances in carboh^^drate metabolism and b lu ish 
d iscolora t ion of the t e s t i c l e s (stowe e t a l . , 1972; Sporn e t a l . , 
1970; P. Alsberg c t a l . , 1919). 
U.V. absorbing mater ia l s are known ind ica t ive of anti05<idants 
which are very reac t ive and can be a cause of ser ious hazards. 
Our study indicate t h a t in comparison to other ex t r ac t an t s 
much higher concentrat ion of metals were found to migrate out in 
ace t i c ac id . The migration was dependent on the concentrat ion 
of ace t i c a c id . This suggests t h a t the brands of coloured water 
tumHers and lunch boxes t e s t ed in t h i s study wi l l not be safe for 
keeping f r u i t j u i ces (ap;-lesy grapes/ oranges, lemons e t c . ) , 
vinegar, sour milk, soda water and aerated drinks due to t he i r 
ac idic pH and ace t i c acid con ten t . Similar ly the brands of 
coloured water tijmblers and t ransparent water tumblers tes ted 
in t h i s study wi l l not be su i tab le for keeping calcium hydroxide, 
magnesium hydroxide and sodivim hydroxide since global migration 
in amounts above than the permissible l i m i t was found to be 
maximum in 5% Na_CO , 
P l a s t i c s contain a va r i e ty of add i t i ves , l ike metals, 
p l a s t i c i z e r s , s t a b i l i z e r s , an t iox idan ts , dyes, pigments e t c . , 
these can be re leased out in to the environment due to t h e i r 
degradat ion. 
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Significant quantities of pesticides/ herbicides, fungicides 
and poisonous gases have been detected in the environment. 
Heavy metals, phthalates and pesticides have also been detected 
in human and animal tissues. Thus the use of certain type of 
plastics may cause further increase in the levels of such toxic 
chemicals in environment and human and animal tissues. 0-ur 
study also suggest that plastic material should not be abused. 
The plastic which has been made for the storage of paints, pow-
ders, and other non food items should not be used for the 
storage of food materials. 
4B 
.Effect of DBTL on Physical Appearance of Control and Treated 
,Anlma Is 
Physical appearance of cont ro l and t rea ted groups are 
depicted in figures (11-22). The morphological appearance of 
control r a t s are shown in figure (11-13). The dorsa l side 
and ven t r a l side of the cont ro l r a t s may be v isua l ized in 
figures 11 and 12 r e spec t ive ly . I t is evident from these 
f igures t ha t t^ere was no abnormalit ies in t h i s group of 
animals. The animals of t h i s group ^'ete Quite healthy and - j 
a c t i v e . The morphological appearance of ra t s exoosed t o 20 mgAcq 
DBTL i6 depicted in the figures (14-171. As evident from 
tvese figures the animals were l e tha rg ic , d u l l and weak as 
compared t o control ones. Symptoms of pigmentation may be 
seen on the ven t r a l s ide ill'). The phys ica l appearance of 
group exoosed t o 40 mgAg DBTL i s depected in figures (18 & 19). 
The animals of t h i s group exhibited loss in body weight, swelling 
in mouth and symptoms of hind limb p a r a l y s i s . Morphological 
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apoearance of group exposed t o higher dose (^0 mgA;g) of DBTL 
ere shown in figure .(20-22), The animals of t h i s group v/ere 
very weak, campletely para l i sed and pigmentation was well deve-
loped on the ven t r a l surface, t h i s can be seen in figure (22), 
Svjellirig in mouth v/as prominent as compared to the groups 
eyjooseA to lower doses (40 and 20 mgAg) of DBTL» 
In view of the above our resu l t shows t h a t the various 
groups of r a t s exposed to DBTL in varying concentrat ion were 
sluggishas compared t o con t ro l s , throughout the experimental 
peS-iod. Loss in body weight, ga i t d is turbances , gross signs 
and the general weakness were also evident in groups exposed 
t o the two higher doses . 
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E.ffeet, of. D3TL, pn^  Learning Abil i ty 
Effect of DBTL exposure on learning a b i l i t y i s shown in 
f igures 23 and 24, I t i s evi ' ient from figure (13') t h a t the 
DBTL exoosed re t s showed a s ign i f i can t decrease in the percent 
of cordi t loned avoidance response, in a dose dependent manner. 
The DBTL exposed ra t s also showed a decrease in the conditioned 
avoidance response in a dose dependent manner on 2nd day of 
learning. However the decrease was not s ign i f i can t strnt ist icaAl 
l ly a t the la-rest dose (20 mgA:g~) . The memory re ten t ion 
in the t rea ted and controls a f t e r seven days of t r a i n i n g i^ 
shown in figure {24| • As evident from the figure the memory 
re ten t ion was also found to decrease s i gn i f i can t ly in the 
t r ea t ed animals in a dose dependent manner. The group of r a t s 
exposed t o 80 mgAg DBTL were found t o show about 50% decrement 
in the conditioned avoidance responses as compared to c o n t r o l s . 
• I CONTROL 
QID 20mg/kg" 
CEEAOmg/kg |>DBTL 
X ISieOmg/kg 
X X 
i:»3 
i 
1 2 3 4 1 2 3 4 1 2 3 4 
DAYS 
Fig (23) EFFECT OF DBTL EXPOSURE ON LEARNING ABILITY 
OF FEMALE ALBINO RATS AS ASSESSED BV CONDITIONED 
AVOIDANCE RATES (CAR) 
VALUES REPRESENT PERCENT CONDITIONED AVOIDANCE 
RESPONSES i rSE p < 0 0 5 (STUDENTS T TEST) 
CD CONTROL 
l2!5140iTvg/kg 
Ca 80 mg/kg 
Fig 24 
SEVEN DAYS AFTER THE COMPLETION OF CAR 
TRAINING 
EFFECT OF DBTL EXPOSURE ON RETENTION OF 
MEMORY AFTER SEVEN DAYS OF TRAINING AS 
ASSESSED BY CONDITIONED AVOIDANCE RESPONSES 
± S E p < 0 0 5 (STUDENT'S TTEST) 
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Effect of D3TL on^ Locomotor Activi ty 
Effect of d i f fe ren t concentrat ions of DBTL exposure en 
locon'.otor a c t i v i t y in terms of average ra tes are shov/n in 
figure (25), I t i s evident from the f igure , the DBTL exposed 
r a t s showed s ign i f i can t decrease in the spontaneous locomotor 
a c t i v i t y . The decrease was found t o be a dose dependent. In 
the future the effect of varying concentrat ion of DBTL exposure 
on the drug (amphetamine or morphine) induced motor a c t i v i t y 
w i l l be evaluated in female r a t s , to see the supe r sens i t i v i ty 
of norepinephrine and dopamine. As these catecholamines are 
the modulator of locomotor a c t i v i t y . Since the amphetamine 
i s a potent re lease of norepinephrine and dopamine. 
Extensive studiq;^ on neurotoxic e f fec t s of environmental 
chemicals and drugs have provided evidence that behavioral 
e f fec ts r e s u l t due t o t b e i r i n t e rac t ion with chemical t r a n s -
mission, between neurons (De Brain, 1976) • Such an effect 
of neurotoxins can be mediated through a l t e r a t i o n s in the 
synthes is , uptake or re lease of neurotransmit ter or the s e n s i -
t i v i t y of the neurotransm.itter r e cep to r s . Several experimental 
and c l i n i c a l s tudies have provided evidence for c e n t r a l nervous 
system (CNS) dis turbances , including behavioral d isorders 
(Fujita ot a l . , 1961; Gurland and Pat te rson , 1967; Pleasure , 
1973; Spencer and Schaximburg, 1974a,b; Ig isu e t a l , , 1975), 
Catecholamines and 5-HT are involved in the regulat ion 
of motor activitj^ and learning a b i l i t y , thermoregulation, 
emotional and aggressive behavior. Any change in t h e i r 
13H 
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CONTROL 20mg|kg 40mg|kg 80mg|kg 
D O S E ( D B T L ) 
Fig(25) EFFECT OF DIFFERENT CONCENTRATION OF 
DBTL ON SPONTANEOUSE LOCOMOTER ACTIVITY 
IN FEMALE RATS EXPOSED ORALLyFOR 
3 CONSECUTIVE DAYS VALUES REPRESENT 
AVERAGE ACTIVITY COUNT OF SIX RATS 
± S E p < 0 0 5 (STUDENfS TTEST) 
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l eve l s causes abnormal neuronal functions and behavioral 
d e f i c i t s <Husain e t a l . , 1980; Chandra e t a l . , 1981; Dixi t 
e t a l , , 1981"), These finding fur ther support our observat ions . 
Learning a b i l i t y i s chief ly rogtilated by serotonin while motor 
a c t i v i t y i s linked with levels of norepinephrine and dopamine. 
Our r e s u l t sugqests t h a t a l t e r a t i o n s in Biogenic amines may 
be p a r t l y res^jonsible for the observed behavioral changes in 
DBTL exposed animals. 
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Effect of DBTL on. Biogenic Amines 
Effect of DBTL on the levels of Norepinephrine, Dopamine 
end Serotonin is shown in Figuire (26) , As evident from Figu]re 
the levels of these amines • - s ign i f i can t ly decreased in the 
trert- .c ' group and t^-iis decrease was found to be in ^ dose 
dependent-manner* The order of decrease of dopamine leve ls 
were 22.56% a t low, 49,39% a t medium .i^ose- and 57.3% a t high 
ex^^osure of DBTL. Likewise, the order of decrease of nor-
adrenal ine levels were 18,8% a t Ipw^ 34,55% a t meditjm and 
while 
50,90% a t high exposiire of DBTL / t he serotonin levels decre-
ased 9,33% a t low 18.66% a t mediijm and 44% at high- exposure 
of DBTL. In t h i s way the dopaminergic system appeared t o be 
jTxost affected as maximum decrease in the levels of dopamine 
was obtained a t a l l doses . VThile the serotonergic system 
appeared to be l eas t affected as a minimum decrease in the 
levels of serotonin was obtained a t a l l doses . 
The functions of neurons include the generation of energy 
by oxidation of food s t u f f s , t ransmission of nerve impulses, 
maintenance of ionic gradients and manufacture and re lease 
of spec ia l array of chemical massangers known as neuro t rans-
mi t t e r s (iversen, 1979). Some 30 d i f fe ren t substances are 
considered to be ' t r a n s m i t t e r ' in bra in and each exer ts chara-
c t e r i s t i c exci tory or inh ib i to ry ef-Fect on neurons. In 
c e n t r a l nervous system, catecholamines are the major neuro-
t r ansmi t t e r s elaborated from the inner por t ion of adrenal 
gland. Norepinephrine plays a s ign i f i can t role in transmission 
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X p ^ 0 001 XX p<0 01 (STUDENfS T TEST ) 
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of neural exc i t a t ion in tho adrenerqic nerves, v/hile epine-
pV-rine i s involved in s t imulat ion of c»( and p type responses. 
Dopamine plays a c r u c i a l role in the cont ro l of complex move-
ments. Serotonin l ike catecholamines also controls the 
c e r e b r a l ac t iv i t \ " . I t s t imulates smooth muscles and ner\'"es 
and i s a potent vasocons t r ic to r (DeBruln, 1976), Catecholamines 
are now considered t o be modtalators or t r ansmi t t e r s in systems 
regulat ing a number of important aspects of behavioral functions, 
» 
Norepinephrine e x i s t s in a l l t i s s u e s , and i t s levels can 
be corre la ted v/ith the degree of sympathetic innervat ion and 
the nimiber of blood v e s s e l s . Tlie vas deferens, the hear t / 
the a r t e r i e s and the spleen are p a r t i c u l a r l y r ich in norepine-
phrine. The demonstration of norepinephrine in the bra in 
(Von Euler, 1946; Holtz, I960) and the observation of marked 
regional va r i a t i on in i t s concentrat ion (Vogl, 1954^ suggested 
t h a t i t miaht have a role in the cen t r a l nervous system other 
than t h a t corre la ted v/ith tho blood v e s s e l s . The highest 
concentra t ions of no repine oh r i no have been fo'^nd in the 
hvpothalamus and the medulla oblongata. The cerebellum contains 
very l i t t l e . Dopamine was demonstrated in the cen t r a l nervous 
system by Ber t l e r and Rosengren (1959a,b) and represents 
more than 50% of the t o t a l catecholamine content in the brain 
and sp ina l cord of many species (Carlsson e t a l , , 1958). I t 
was shown to be concentrated in some regions, p a r t i c u l a r l y in 
the basa l ganglia (Sano e t a l . , 1959), In the s t r ia tum. 
SG 
dopamine i s contained exclusively in nerve te rmina ls , whereas 
in the subs tan t ia nigra t h i s amine i s found in neuronal p e r i -
carya only. Serotonin i s found in maximum concentrat ion in 
%pothalamus, mid b ra in , pons medulla and caudate putanfen. 
Cerebellum, cortex and Hippocamptos contains very l i t t l e 
se ro tonin . 
White (1980) reported headaches, general weakness, nausea 
and diarhoea following exposure to t r i e t h y l t i n a c e t a t e , 
Orf i la described a muscular weakness, loss of pain sensat ion 
and immobility in r a t s exposed t o be the t a r g e t organs for 
t i n compounds (Sallamanis, 19065. Serotonin and catecholamines 
play a s ign i f i can t role in a ntmber of bas ic phenomena such 
as a rousa l , emotion, and mood as v>7ell as in several neurological 
and n^tital. d isorders (Curzon, 1972; Singhal and Meral i , 1979), 
Moore and brody (1961) have a l so inves t iga ted the a f fec t s of 
t r i e t h y l t i n on t i s s u e amines and reported t h a t bra in serotonin 
and noradrenaline levels as wel l as the levels of ad rena l . 
Catecholamines were s i g n i f i c a n t l y reduced. These findings 
further support our obseirvations* 
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